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(54) Method for forming high density boron nitride and high density agglomerated t)oron nitride 

partides 

(57) A method of forming pellets or agglomerates of 
higfi density boron nitride from high purity hexagonal 
boron nitride by crushing the high purity hexagonal 
boron nitride into boron nitride particles extending over 
a size range of at least 100 microns with the maiority of 
the particles having a particle size above 50 microns 
and cold pressing the aushed particles into a com- 
pacted form. The contacted form is then granulated 
into a granulated powder and again cold pressed to 
form pellets or agglomerates of boron nitride particles 
with the operations of cold pressing and granulation 
occurring in one or more stages. 
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Description 

FIELD OF THE INVENTION 

5 (0001 ] The present invention relates to a method for forming high density boron nitride for use as precursor feedstock 
material in the conversion of hexagonal boron nitride to cubic boron nitride and as high density agglomerated boron 
nitride particles formed from such method for use as high thermal conductivity fillers. 

BACKGROUND OF INVENTION 

[0002] The twvo conventional forms of hexagonal boron nitride are turbostratic boron nitride and ideal or graphitic 
boron nitride. The hexagonal form of boron nitride is used in the conversion to cubic boron nitride and as a filler material 
for many other applications particularly where high thermal conductivity and high electrical resistivity is required. Typi- 
cally, turbostratic boron nitride is first purified into what is conventionally referred to as "high purity hexagonal boron 

15 nitride' by treatment at high temperature, typically between atx3ut 1800 X to 1900**C, for removing volatile impurities 
and suriace oxide contaminants. Such high tenrperature treatment causes the boron nitride to become highly agglom* 
erated in consistency which must be broken down for suitable convnerdal application. Accordingly, current practice Is 
to first mill the high purity boron nitride into a fine powder and then, for ease of handling, to cold press and granulate 
the boron nitride in one or more stages. The milling operation fams a fine powder of small particle size typically with 

20 99.9% of all of the milled powder below -325 mesh. The average particle size of the milled powder lies between 5-1 1 
microns. The density of the boron nitride pellets formed from the cold pressing operation is no greater than an average 
of about 1 .80 g/cc or 80% of the theoretical density of hexagonal boron nitride indeperxlent of the number of repeated 
granulation and cold pressing stages. 

[0003] In the conversion of high purity hexagonal boron nitride to cubic boron nitride the compacts or pellets of boron 
25 nitride formed by compaction are subjected to extremely Ngh pressures and temperatures within the stable region of 
the cubic boron nitride phase diagram. The density of the boron nitride pellets is significant to the econon^cs of the 
cubic boron nitride conversion process. 

[0004] It has been discovered in accordance with the present invention that the density of cold pressed boron nitride 
powder may be substantially increased to a density of at least abou\ 1.85g/cc and approximating I.Sg/cc I.e approxi- 

30 mating 85% of theoretical by controlling the particle size distribution of the boron nitride particles prior to compaction so 
that the distribution of particle sizes is as wide as possible and preferably with the majority of the particles having a par- . 
tide size above 50 microns. The preferred particle size range for the majority of the particles should be between 20-500 
microns. It has been further discovered in accordance with the present invention that agglomerated particles of boron 
nitride formed from a wide boron nitride particle size distribution following cold press compaction and granulation will 

35 possess a density closer to the average density achieved with hot pressing. In addition its thermal conductivity for use 
as a filler is enhanced particulariy for use as a filler material in polymer composites. 

SUMMARY OF THE INVENTION 

40 [0005] The method of the present invention broadly comprises the steps of fbrnnng high purity hexagonal boron 
nitride; crushing said high purity hexagonal boron nitride into boron nitride particles extending in size over a size range 
of at least 100 nrvcrons with the majority of the particles having a particle size above 50 microns, cdd pressing the 
crushed particles into a compacted form and grani^ting the compacted particles into a granulated powder with the 
operations of cold pressing and granulation occurring in one or more stages. 

<5 [0006] Agglomerated boron nitride particles of high density and high thermal conductivity are also formed from cold 
pressed hexagonal boron nitride in accordance with the present invention by the process of crushing high purity hexag- 
onal boron nitride into boron nitride particles extending in size over a size range of at least 100 microns with the majority 
of the particles having a particle size above 50 microns, cold pressing the caished particles into a compacted form, 
granulating the compacted form into a granulated powder, with the cold pressing and granulation steps occurring in one 

so oi more stages, to a suitable size for use as fillers of high thermally conductivity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The advantages of the present invention will become apparent from the following detaPed description of the 
55 present invention when read in conjunction with the accompanying drawings of which: 

FIG 1 shows four schematic flow dagrams labeled A.6,C, and U comparing the standard prior art method of com- 
paction labeled A for cold pressing high purity boron nitride with the alternate methods of the present invention 
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labeled B.C.. and D respectively; 

FIG 2 shows typical particle size distribution curves for the high purity boron nitride particles fornied from ifye milling 
operation used in the standard compaction method A of Rgure 1 : 

5 

FIG 3 shows a corresponding particle size distribution cun^e for the high purity boron nitride partides formed from 
crushing high purity baon in each of the alternate methods B. C and D shown in Figure 1 ; and 

FiG 4 is a graph showing the relationship of density to the powder compaction cycle i.e. nuntber of powder com- 
10 paction stages for milted and crushed powder 

DETAILED DESCRIPTION OF THE INVENTION 

[0008] The schematic flow diagram labeled A in Figure 1 illustrates the current practice of forming a compact of cold 
15 pressed boron nitride starting from high purity boron nitride material. The high purity boron nitride material is converted 
into a very fine high purity hexagonal boron nitride (hBN) powder using a convenbonal milling operation utilizirig, e.g., 
a high speed impact mill to reduce the BN to a fine powder. Typical properties of the fine high purity BN powder are 
shown below in Table 1 . 



TABI^I 



Properties of Milled High Purity BN & 
Final Compacted Density (After 2 Cycles) 


Sample 


1 


2 


3 


4 


% Oxygen 


0.605 


0.488 


0.275 


0.548 


Surface Area (m^/g) 


5.67 


5.48 


5.26 


6.39 


Tap Density (g/cc) 


0.58 


0.60 


0.51 


.47 


% Soluble Borates 


0.33 


0.16 


0.10 


.26 


•325 Mesh Sizing 


99.9 


99.9 


99.9 


99.9 


Avg. Part. Size (^m) 


10.62 


10.05 


10.25 


9.59 


Max. Part. Size(Mm) 


42.2 


29.9 


29.9 


29.9 


Density (g/cc) (2X) 


1.80 


1.79 


1.77 


1.81 


%Theoretical Density 


80.0 


79.6 


78.7 


80.44 



<o [0009] As evident from the above Tatrfe 1 in conjunction wKh Figure 1 column A the fine powder formed from the mill- 
ing operation has a particle size distribution such that 99.9% is milled to below -325 mesh (44 micron) and has an aver- 
age particle size of 5-11 microns and a maximum particle size of no more than atKJut 42 microns. The size of this 
powder is difficult to handle and to compact. With the powder being so fine, it needs to be deaired (prepressed) before 
compaction. If it is not deaired, the powder tends to flow out of the press die during compaction. Deairation is typically 

45 conducted by pressing the powder at a relatively high pressure In a large uniaxial press. The resultant cake is then gran- 
ulated. This feedstock is then loaded into the hopper of an automated uniaxial press, for continuously pressing the pow- 
der into small pellets or plugs of material of e.g.. 2.25" diameter x 2" long. After the first pressir^. the compacted kwron 
nitride (BN) may again be granulated and again compacted in the automated uniaxial press. In fact the deairation/com- 
paction/ granulation procedure may be repeated In any number of stages. As can be seen Figure 4. the highest green 

so density achieved for a compact formed from milled powder was 1 .74 g/cc or 77.3% of theoretical. By repeating the com- 
paction/ granulation steps the density increased slightly as indicated in sample 4 in Table 1 to a density of 1.81 g/cc. 
Additional stages of compaction/ granulation will have littie effect on the density as is confirmed in figure 4. Also, from 
observation the tops of the compacted pellets have a tendency to delaminate. Indicating springback after pressing. 
It was discovered that the density of the compacted pellets may be inaeased to approximately 1.9g/cc i.e. up to 85% 

55 of theoretical by controlling the distribution of the boron nitride particle sizes before compaction by extending the range 
of particle sizes to a range of over at least 100 microns. The preferred method for achieving a wide particle size distri- 
bution is to crush the hard chunks of high purity BN resulting from the low purity boron nitride high temperature treat- 
ment. This yields a wide distribution of particle sizes as is evident in Table II shown below and in Figure 3. This is 
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accomplished in accordance with the method of the present invention by substituting a crushing operation tor the milling 
operation as is evident In Figure 1 flow sequence 6.C and D respectively. The crushing operation as shown in flow dia- 
gram B may be followed by the standard deairationygranulation - compaction/granulation stages as used in the standard 
flow diagram A of Figure 1 or only by compaction/granulation stages without a deairation step as shown in the flow dia- 
5 gram sequences C or D of Figure 1. The final step of the flow diagram sequence D of Figure 1 is a crushing operation 
to produce a wide particle size dispersion of agglomerated boron nitride particles. This is particularly useful as a ther- 
nnally conductive filler material particularly to fil polymers. 



TABLE II 



Properties of Crushed High Purity BN & 
Final Compacted Density (After 2 Cycles) 


Sanple 


r 


2 


3 


4 


Oxygen 


0.571 


0.275 


0.426 


.60 


Surface Area(m^/g) 


3.16 


5.26 


2.51 


3.02 


Tap Oensity(g/cc) 


0.76 


0.85 


0.92 


.89 


% Soluble Borates 




0.10 


0.09 




Screen Sizing 










+40 




11,12 


71.64 


67.51 


-40+80 




41.46 


12.04 


13.72 


-80+100 




6.16 


1.08 


1.82 


-100+150 




8.36 


2.20 


3.01 


-150 +200 




5.76 


1.44 


2.42 


-200 +325 




7.32 


2.32 


2.90 


-325 


11.16 


19.82 


9.28 


8.62 


Density (g/cc) (2X) 


1.86 


1.89 


1.91 


1.84 


%Theoretical Density 


82.70 


64.0 


84.90 


81.78 



'Note: Sample 1 was crushed and screened to remove the ftnas. 
Samples 2 and 3 were not. 



[001 0] The above Table II shows the typical properties for roR crushed high purity boron nitride. Crushing of the high 
40 purity boron nitride material leaves a much wider partide size distribution and higher tap density, both of which are evi- 
dent from table II result in a higher compaction density The tap density of the crushed particles is at least .76g/cc. The 
sample 1 lot was screened to remove the fines whereas samples 2, 3 and 4 were not screened. The tap density and 
precompaded density of Sample 1 is higher than the milled samples but is less than samples 2, 3 and 4. The deairation 
step was eliminated in Samples 1-3 of the roll crushed lots and a uniaxial pressing, granulation, uniaxial pressing pro- 
45 cedure as described with the milled material was used for compaction. The compacted density is significantly higher 
than in Table I. Also, delamination did not occur with these samples, indicating less of a tendency for springback. The 
higher compacted densities and lower tendency for springback in the roll crushed material are useful for conversion to 
cubic boron nitride. The flow diagram D in Figure 1 may be used to produce boron nitride crushed agglomerated parti- 
cles as high thermally conductive fillers. 
so The following are examples of the present invention: 

Example 1 • Highly agglomerated high purity boron nitride powder was crushed in a roll mill to the particle size dis- 
tribution shown in Figure 3 with properties as shown in Table 2 column 3. This powder was was compacted using 
a horizontal press at a pressure of 19.000 psi. The compacted pieces were granulated by forcing the material 
55 through a screen with openings approximately 1\2 inch. The granulated particles were again compacted at 19.000 
psi. The procedure is outlined in Figure 1 in the flow diagram tabeleed C. The density of the resultant compact was 
1.91 g/cc. 

For comparison a highly agglomerated high purity boron nitride powder was milled to a fine pofwder using the stand- 
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and milling procedure as shown in the fbw sequence A of Figure 1. The properties of this powder Sample 4 are 
shown in Table 1 column 4. The particle size distribution of this powder is shown in Figure 2 as the curve labeled 
"Milled Fine Powder 4". This fine powder was deaired at 2500 psi and granulated followed again by compaction, 
granulation and connpaction as outlined in Rgure 1 flow diagram A. The density of the resultant con^pacts were only 
5 1.81 g/cc. 

Example 2 - Highly agglomerated, high purity boron nitride powder was aushed in a two roll nrall to the particle size 
distribution as shown in Rgure 3 labeled as "Crushed Powder 4*. The properties of this powder are shown In Table 
2 column 4. This powder was compacted using a horizontal press at a pressure of 19,000 psi. Four additional gran- 
IP ulation / compaction steps as described in example 1 were performed. The resultant compact density was 1.91 
g/cc. The density of the compacts as a function of compaction cycles is shown on Figure 4, on the curve labeled 
"Roll Crushed Powder 4". 

In comparison the highly agglomerated high purity boron nitride powder was milled to a fine powder. The properties 
of this powder are shown in Table 1 column 4. The particle size distribution of this powder is shown in Figure 2 as 
15 the curve labeled "Milled Fine Powder 4". This fine powder was deaired at 2500 psi and granulated followed by the 
same five cycles of granulation and compaction as was done lor the crushed powder. The density of the resultant 
conpacts was only 1.84g/cc. The density of the compacts as a function of compaction cycles is shown on Figure 
4 on the curve labeled "Prepressed +Milled Powder 4". 

20 Example 3 - Highly agglomerated, high purity boron nitride powder was crushed in a roll mill to the particle size dis- 
tribution shown on Figure 3 labeled as 'Crushed Powder 2 ". The properties of this powder are shown in Table 2 
column 2. This powder was compacted using a horizontal press at a pressure of 1 9.000 psi. The compacted pieces 
were granulated by forcing the materia! through a screen with openings approximately V4 inch. The granulated par- 
ticles were again compacted at 1 9000 psi. The density of the resultant compact was 1 .89 g/cc This should be com- 

25 pared with the four different fine miDed powders of Table 1 in which the resultant compact densities are 1 .80. 1 .79. 
1.77. and 1.81 g/cc respectively 

Example 4- Highly agglomerated high purity hexagonal boron nitride powder with the properties as indicated on 
Table 2 Column 4. was crushed using a roll mill to the particle size distribution shnwn on Rgure 3 in the curve 

30 labeled 'Crushed Powder 4". This crushed powder was compacted at 1 9.000 psi using a powder compaction press 
(uniaxial press), and was then formed into granules of V1G inch and finer using a granulator. The granules were 
once again compacted at l9.00Qpsi. These compacts were crushed using a sawtooth and roll crusher arvi 
screened through a 1 20 mesh screen, resulting in a powder that had a tap density of 0.68m^/g. The screened par- 
ticles were added to a cresoi novalak thermoset epoxy formulation with a phenol novalak hardener at a 6Swt% BN 

35 loading, and then molded in a transfer press. The thermal conducthnty of the nx>lded compourxl was 7.4 WAn*'C. 

[001 1 ] The pellets or compacts may again be aushed into a powder compound of aggtomerates having a wide par- 
ticle size distribution. These agglomerates are of higher density than corresponding agglomerates formed from milled 
powder undergoing the same steps. 

40 

Claims 

1. A method of forming pellets or agglomerates of high density boron nitride comprising the steps of forming high 
purity hexagonal boron nitride; crushing said high purity hexagonal boron nitride into boron nitride particles exterxJ- 
45 ing in size over a size range of at least 100 microns with the majority of the particles having a particle size above 
50 microns, cold pressing the crushed particles into a compacted form and granulating the compacted partides into 
a granulated powder with the operations of cold pressing and granulation occurring in one or more stages for form- 
ing pellets of boron nitride or agglomerates of high density boron nitride. 

50 2. A method as defined in claim 1 further conprising the additional step of crushing the compacted boron nitride into 
a wide distribution of agglomerated boron nitride particles for use as a filler. 

3. A method as defined in claim 1 wherein the majority of the particles have an average particle size above 200 
microns. 

55 

4. A method as defined in claim 3 wherein said particle size range extends from below 20 miaons to above 400 
microns. 
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A method as defined in claim 4 wherein said particle size range extends up to 500 microns. 

High density agglomerated particles of hexagonal boron nitride having a density above at least 1 .86g/cc for use as 
a high thermal conductivity filler formed by a cold forming process carried out at ambient temperature comprising 
crushing agglomerated chunks of relatively large size high purity hexagonal boron nitride into boron nitride particles 
having a size distribution which extends over a size range of at least 100 microns from minimum to maximum with 
the majority of the particles having a partide size above 50 microns, cold pressing the crushed particles into a com- 
pacted form, granulating the compacted form into a granulated powder, cold pressing the granulated powder into a 
finally compacted form and crushing the finally compacted form into agglomerated partidas of filler of high thermal 
conductivity partides with the steps of cold pressing and crushing repeated until the density is above at least 
i.86g/cc. 

High density agglomerated partides of boron nitride as defined in claim 1 wherein when loaded into a polymer give 
a thermal conductivity of at least 7.4 W/m*C. 

Boron nitride pellets having a density of at least between 1.86 and 1 .91 gVcc for use in converting hexagonal boron 
nitride into cubic boron nitride formed by the process comprising crushing high purity hexagonal boron nitride into 
boron nitride particles extending over a size range of at least 100 microns with the majority of the partides having 
a particle size above 50 miaons. cold pressing the crushed partides into a compacted fonn. granulating the com- 
pacted partides into a granulated powder and cold pressing the granulated powder into pellets with the operations 
of cdd pressing and granulation occurring in one or more stages: 
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